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Background. Increasingly, researchers have begun to explore pathways through which psychosocial factors might
influence cardiovascular disease, with some emphasis on early markers. The current study examined the cross-sectional
association between psychosocial factors and aortic pulse wave velocity (an early marker of cardiovascular disease) in a
biracial cohort of older adults. We were particularly interested in determining whether the association between psychoso-
cial factors and aortic pulse wave velocity differed for older blacks compared with whites.

Methods. Participants were 2,488 (40% black and 52% female) older adults from the Health, Aging, and Body Com-
position Study. Carotid—femoral aortic pulse wave velocity was assessed using standard methodologies. Depressive
symptoms, anxiety symptoms, negative life events, and inadequate emotional support were assessed, and a summary
psychosocial risk index was created.

Results. In multivariable linear regression models, psychosocial risk was not associated with aortic pulse wave velocity
(Estimate [Est] = .00, p = .83), but there was a significant Race x Psychosocial risk interaction (Est = .07, p = .01), after
adjusting for age, race, sex, and education. Further analyses revealed that this association was driven by the inadequate
emotional support component of psychosocial risk (Race x Inadequate emotional support, p = .005). In race-stratified
analyses, inadequate emotional support was associated with higher levels of arterial stiffness in older blacks (Est = .05,
p = .04) but not whites (Est = —.04, p = .13). This association persisted after adjusting for demographics, cardiovascular
risk factors, and social network characteristics.

Conclusions. Findings suggest that older blacks may be particularly vulnerable to the effects of inadequate emotional
support on vascular health. Interventions aimed at increasing social support among this population might be beneficial in

reducing cardiovascular disease risk.
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BACKGROUND

Numerous studies have documented an association be-
tween psychosocial risk factors and cardiovascular disease
(CVD) morbidity and mortality (1). Psychosocial factors
consistently associated with CVD include negative affect
(eg, symptoms of depression or anxiety) (2,3), social ties
(ie, social networks, social support) (4,5), and psychologi-
cal stressors (high perceived stress and negative life events)
(6,7). These associations have been observed in populations
both with and without preexisting clinical disease (2,4—6).

Increasingly, researchers have begun to explore path-
ways through which psychosocial factors might influence
CVD (8,9), with some emphasis on early markers. Arte-
rial stiffness—measured by aortic pulse wave velocity
(aPWV)—is an early marker of CVD that increases with
age (10,11) and is believed to reflect the cumulative
impact of risk factors on the vascular system (12,13). It is
associated with other indicators of atherosclerotic disease
(14,15) and is predictive of incident CVD events and
mortality (16—18). However, to date, there have been few
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studies (19-22) examining the association between psycho-
social factors and aPW'V.

The primary goal of the current study was to examine the
association between psychosocial risk factors and aPWV in
a sample of older black and white adults from the Health,
Aging, and Body Composition Study. Psychosocial risk
factors of interest were depressive symptoms, anxiety symp-
toms, negative life events, and inadequate emotional sup-
port. In keeping with several prior studies, we were
particularly interested in psychosocial risk burden (ie, the
combination of these psychosocial risk factors) as an indi-
cator of overall psychosocial risk (23,24).

We were also interested in determining whether associa-
tions between psychosocial risk factors and aPWV were
more pronounced in older black compared with white
adults. Black men and women typically have a worse psy-
chosocial risk profile compared with whites, reporting
higher rates of depressive symptoms, more negative life
events, and in some instances, less social support (24-26).
Black populations also have higher rates of arterial stiffen-
ing (27). Thus, they may be particularly vulnerable to the
adverse effects of psychosocial risk factors on aPWV. How-
ever, with few exceptions (20), studies examining psycho-
social risk and aPWV in the United States have been
conducted in predominantly white samples.

We hypothesized that higher reports of psychosocial risk
burden would be associated with greater aPWV in our sam-
ple of older adults. We further hypothesized that these as-
sociations would be stronger in older blacks compared with
older whites. We tested these hypotheses in a series of cross-
sectional linear regression models.

METHODS

Participants

The Health, Aging, and Body Composition Study is a
study of high-functioning black and white elderly par-
ticipants. From 1997 to 1998, Health, Aging, and Body
Composition staff recruited Medicare-eligible beneficia-
ries between the ages of 70 and 79 years from the areas
surrounding Pittsburgh, Pennsylvania, and Memphis, Ten-
nessee. Individuals were eligible for the study if they were
able to communicate and reported no difficulty walking
one quarter of a mile, climbing 10 steps, or performing
activities of daily living. Participants also had to be free of
cancer requiring current treatment and plan to remain in the
area for at least 3 years. Ultimately, 3,075 participants
(51.5% women and 41.7% black) enrolled. aPWV was
only assessed at baseline; thus, all data for the current anal-
yses were taken from the baseline assessment. aPWV data
were missing for 587 participants—354 because of equip-
ment problems and another 233 due to unusable wave
forms (either unacceptable quality or out of range values).
An additional 34 were missing data on psychosocial risk
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factors, resulting in a final sample of 2,454 (52.5% women
and 40.2% black) for analyses.

The study protocol was approved by the Institutional Re-
view Boards at the University of Pittsburgh and the Univer-
sity of Tennessee. All participants provided written informed
consent.

Measures

Pulse Wave Velocity.—aPWYV was measured by taking
simultaneous recordings of the arterial flow waves from the
right common carotid and right femoral arteries with nondi-
rectional transcutaneous Doppler flow probes (model 810-a,
10 MHZ; Parks Medical Electronics, Aloha, OR). Three
data collection runs were performed, each obtaining a mini-
mum of 10 pairs of simultaneously recorded flow waves.
The flow waves were then averaged, and the time from the
R wave of the electrocardiogram to the foot of the pressure
wave was established. aPWV was calculated as the above
body—measured distance between the carotid and femoral
arteries divided by the time differential in the arrival of the
pressure wave at these locations (16). Higher aPWV values
indicate stiffer vessels. Because aPWV scores were non-
normally distributed, we used the natural logarithm of each
value in analyses.

The National Institute on Aging, Laboratory of Cardio-
vascular Science, Gerontology Research Center (Baltimore,
Maryland) trained and certified all study personnel, read the
wave forms, and evaluated data quality. Replicate measures
of aPWV in 14 participants revealed intraclass correlations
of 0.88 between sonographers and 0.84 between readers.

Psychosocial Risk Factors.—Depressive Symptoms.—
Depressive symptoms over the past week were assessed with
the 20-item Center for Epidemiological Studies-Depression
scale (CES-D) (28). The CES-D has been widely used with
good reliability and validity in both younger and older adult
populations (29,30). Possible scores range from 0 to 60.

Anxiety Symptoms.—Anxiety symptoms were measured
with three items from the anxiety subscale of the well-
validated Hopkins Symptom Checklist. Participants were
asked how often they had experienced the following symp-
toms of anxiety in the past week: feeling nervous or shaky
inside, feeling tense or keyed up, and feeling fearful.
Possible scores on the anxiety subscale range from 0 to 9.

Negative Life Events.—Participants were asked if they
had experienced the following negative events over the past
year: (a) death of a partner or spouse; (b) death of a child,
grandchild, close friend, or relative; (c) death of a pet; (d)
illness or serious accident in close friend or family mem-
ber; (e) being assaulted or robbed/having a family member
be assaulted or robbed; (f) having a close friend or fam-
ily member be arrested or in trouble with the law; and
(g) having a relationship with a close friend or family
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member change for the worse. Possible number of negative
life events ranged from O to 7.

Inadequate Emotional Support.—Inadequate emotional
support was assessed with a single question: “In the past
year, could you have used more support than you received?”
Responses were “yes” = 1 or “no” = 0.

Psychosocial Risk Burden.—Because we were interested
in assessing the affect of concomitant psychosocial risk
factors, we combined the above measures to create a psy-
chosocial risk burden index, as previously detailed (23) for
this cohort. Each psychosocial risk variable was standard-
ized into a continuous variable ranging from O to 1 by divid-
ing each individual scale score by the maximum possible
scale score. For the CES-D, each participant’s total CES-D
score was divided by 60; for anxiety symptoms, each partic-
ipant’s total score was divided by 9; and for life events, each
total score was divided by 7. Inadequate emotional support
was retained as a dichotomous (0—1) measure. The four stan-
dardized measures were then summed to create a continuous
psychosocial risk burden score ranging from O to 4.

Covariates.—Covariates were chosen for the current
analyses on the basis of their previously documented asso-
ciation with both psychosocial risk and CVD (1). In addi-
tion to race (black or white), sociodemographic variables
included age, sex, and educational level, all assessed by
self-report. The presence of baseline hypertension, diabe-
tes, or CVD was assessed via self-report and confirmed by
use of specific medications or procedures. Medications tak-
en in the past 2 weeks were brought in, recorded, and coded
according to the Iowa Drug Information System. Baseline
CVD was defined as a history of myocardial infarction, an-
gina, stroke, transient cerebral ischemia, or any vascular
surgery, including endarterectomy or angioplasty. Systolic
blood pressure was the average of two sitting blood pres-
sures, measured by a mercury sphygmomanometer. Fasting
blood glucose and high-density lipoprotein cholesterol val-
ues were determined by a colorimetric technique on a Vitros
950 analyzer, and low-density lipoprotein cholesterol was
calculated using the Friedewald equation (31). Body mass
index (BMI) was calculated as weight in kilograms divided
by height in meters squared. Smoking status (current,
former, or never) and physical activity (inactive, lifestyle
active, or exercise, as previously coded (32)) were assessed
by self-report.

Statistical Analysis.—Descriptive statistics were used to
characterize the sample on variables of interest. ¢ tests and
chi-squared tests were conducted to test for black—white
differences in participant characteristics. Multivariable lin-
ear regression models were run to examine associations
among race, psychosocial risk burden, and log-transformed
aPWV. The initial model tested the main effect of psychoso-
cial risk burden on aPW'V, after adjusting for age, race, sex,
education, and clinical site (Pittsburgh or Memphis). The

1081

second model added a term for the Race x Psychosocial risk
burden interaction.

A series of additional analyses were then run to examine
the association between each individual psychosocial vari-
able and log aPWV. Although we were primarily interested in
testing the association between overall psychosocial risk
burden and aPWYV, preliminary analyses revealed very low
values on most psychosocial variables of interest. Thus, we
sought to determine whether any observed associations were
being “driven” by one or two individual psychosocial predic-
tors. Each psychosocial risk factor was modeled following
the steps outlined above: the initial minimally adjusted model
examined the main effect of the psychosocial factor on aPWYV,
and the second model tested the Race x Psychosocial factor
interaction. We then examined whether any observed associa-
tions were independent of CVD, hypertension, diabetes, sys-
tolic blood pressure, high-density lipoprotein, low-density
lipoprotein, BMI, smoking status, and physical activity. All
significant Race x Psychosocial factor interactions were fur-
ther explored in race-stratified models. Preliminary analyses
revealed no significant interactions with baseline CVD sta-
tus; thus, we did not run models stratified by CVD. Similarly,
there were no significant interactions between psychosocial
risk factors and sex in preliminary analyses; consequently,
we did not run additional sex-stratified models. All models
were run using SPSS version 15 (SPSS Inc., Chicago, IL).

RESULTS

Participant Characteristics

Participant characteristics are presented for the full sam-
ple and by race in Table 1. Participants were, on average, 74
years of age, 52.5% female, with 43% reporting a college
education or more. Ten percent were smokers, 26% were
current exercisers, and the average BMI was 27.4. Twenty-
seven percent of participants had prevalent CVD at base-
line, approximately 15% had prevalent diabetes, and 54%
had prevalent hypertension. Black participants were slightly
younger, more likely to be female, and less likely to have a
college education than white participants (all p values <
.05). Black participants had higher BMIs, were more likely
to be current smokers, and less likely to be exercisers com-
pared with whites (all p values < .05). Blacks also had a
significantly higher prevalence of diabetes and hypertension
(all p values < .001) and higher log-transformed aPWV
values (p < .01) than their white counterparts.

Table 2 presents psychosocial risk burden characteristics
for the full sample and by race. On average, participants had
an overall psychosocial risk burden score of .59. For both
blacks and whites, values on psychosocial variables of in-
terest were relatively low, with an average CES-D score of
4 (out of 60), anxiety score of less than 1 (out of 9), and one
negative life event in the past year. Scores on the inade-
quate emotional support indicator were a bit higher, with
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Table 1. Demographic, Behavioral, and Physiological Characteristics for the Full Sample and by Race

Variable All Blacks Whites p value
Age (years) 73.7 (2.9) 73.5(2.9) 73.8 (2.8) .02
Female, % 52.5 56.9 493 <.001
College educated, % 43.1 27.3 53.7 <.001
Body mass index (kg/m?) 27.4 (4.8) 28.6 (5.4) 26.8 (4.2) <.001
Current smoker, % 10.2 16.5 6 <.001
Physical activity group, %

Inactive 224 25.7 20.2 <.001

Lifestyle active 51.3 57.4 47.2

Exerciser 26.2 16.9 32.7
High-density lipoprotein cholesterol (mg/dL) 54.53 (16.98) 57.75 (17.63) 52.37 (16.18) <.001
Low-density lipoprotein cholesterol (mg/dL) 121.80 (34.78) 124.32 (36.82) 120.08 (33.22) <.001
Fasting glucose (mg/dL) 104.74 (35.99) 105.62 (37.28) 104.15 (35.10) 33
Systolic blood pressure (mm Hg) 136.39 (20.74) 139.99 (21.73) 133.96 (19.69) <.001
Prevalent cardiovascular disease, % 27.1 28.6 26 15
Prevalent diabetes, % 14.8 20.7 10.9 <.001
Prevalent HTN, % 54.1 65.8 46 <.001
Pulse wave velocity, log 6.73 (.39) 6.76 (.39) 6.71 (.37) <.001

Note: Values shown are mean (SD) or N (%). p values are from  tests or chi-square tests comparing blacks and whites.

approximately 28% of participants reporting that they
needed more emotional support than they received in the
past year. There were significant black—white differences in
the overall psychosocial risk burden score (p < .001); how-
ever, there were no significant race differences in depressive
symptoms or anxiety symptoms and only a marginally sig-
nificant difference in reports of negative life events over the
previous year, with blacks reporting slightly more negative
life events than whites. There were significant black—white
differences in inadequate emotional support, with more
blacks reporting inadequate emotional support over the pre-
vious year compared with whites (p < .001).

Psychosocial Risk Burden, Individual Psychosocial Risk
Factors, and aPWV

In an initial multivariable linear regression model adjusted
for age, sex, race, education, and site, overall psychosocial
risk burden was not associated with aPWV (Estimate [Est] =
.00, p = .83), however, there was a significant Race x Psy-
chosocial risk burden index interaction (Est = .07, p = .01).

Additional analyses designed to identify the individual
psychosocial risk factors underlying this association are
presented in Table 3. In models adjusted for age, sex, race,
education, and site, there were no significant main effects or

Table 2. Participant Psychosocial Characteristics by Race

Variable All Blacks Whites  p value
Psychosocial risk burden .59 (.58) .66 (.02)  .53(.02) <.001
CES-D (0-60) 4.65(5.33) 4.66(5.2) 4.63(5.42) .90
High CES-D (=16), % 45 4.5 4.5 99
Anxiety (0-9) .66 (1.2) .63 (1.17) .68(1.23) .25
Life events (0-7) 1.15(1.0)  1.2(1.06) 1.11(.95) .05
Inadequate emotional support, % 27.5 35.1 22.5 <.001

Note: CES-D = Center for Epidemiological Studies-Depression scale. Val-
ues shown are mean (SD) or N (%). p values are from  tests or chi-square tests
comparing blacks and whites.

Race x Psychosocial factor interaction effects for depres-
sive symptoms, anxiety symptoms, or negative life events.
There was a significant Race x Inadequate emotional sup-
port interaction (Est = .11. p = .001; Table 3).

The Race x Inadequate emotional support interaction re-
mained significant after further adjustments for behavioral and
physiological cardiovascular risk factors (Est = .10, p = .005).
This interaction is graphically illustrated in Figure 1 using
back-transformed values of adjusted log aPWV means to fa-
cilitate interpretation. The association between inadequate
emotional support and aPWV appeared to be considerably
stronger in older blacks compared with whites. Adjusted aPWV
for blacks with inadequate emotional support was 945.77 cm/s
compared with 838.82 cm/s in whites with inadequate emo-
tional support. Among those with adequate support, adjusted
aPWYV values for blacks and whites were more similar, at
896.05 cm/s and 870.44 cm/s, respectively (Figure 1).

These results were further supported in fully adjusted
race-stratified models (Table 4), where findings revealed a
significant association between inadequate emotional sup-
port and aPWV in older blacks (Est = .05, p = .04) but not
whites (Est = —.04, p =.13).

Table 3. Main and Interactive Effects of Individual Psychosocial
Risk Burden Components on Aortic Pulse Wave Velocity

Variable Estimate SE p value
CES-D .01 .09 91
Race x CES-D .05 18 .80
Anxiety .03 .06 .64
Race x Anxiety -.02 12 90
Life events -.05 .05 37
Race x Life events -.02 11 .83
Inadequate support .01 .02 .67
Race x Inadequate support 1 .04 .001

Note: CES-D = Center for Epidemiological Studies Depression scale.
Results from linear regression models adjusted for age, race, sex, education, and
study site. Models with interactions are also adjusted for the main effect of the
psychosocial predictor.
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Figure 1. Racial differences in the association between inadequate emo-
tional support and aPW'V. Note: Values shown are mean levels of aortic pulse
wave velocity by race for participants with inadequate and adequate levels of
emotional support, adjusted for age, gender, education, prevalent cardiovascular
disease, hypertension, diabetes, systolic blood pressure, fasting glucose, body
mass index, smoking, low-density lipoprotein, high-density lipoprotein, and
physical activity. p value for Race x Inadequate support interaction = .005.

We then ran additional exploratory analyses to determine
if racial differences in the association between inadequate
emotional support and aPWV were largely determined by
other factors known to (a) differ by race and (b) influence
both emotional support and indicators of CVD. Thus, we
included social network characteristics (friend and family
social integration and number of people in the household)
and marital status as potential “third variables” or confound-
ers that might influence the race, inadequate emotional sup-
port, and aPWYV association. Including these variables did
not alter our results (data not shown).

DiscussIoN

We examined the associations among race, psychosocial
risk factors, and arterial stiffening (measured by aPWV) in
a sample of high-functioning older black and white adults.
We were particularly interested in examining the affect of
psychosocial risk burden—a combined index of depressive
symptoms, anxiety symptoms, negative life events, and in-
adequate emotional support—on aPWV. We found a sig-
nificant Race x Psychosocial risk burden interaction that
appeared to be primarily driven by the “inadequate emo-
tional support” component of the index.

Inadequate emotional support was associated with higher
levels of arterial stiffening in older blacks but not Whites.

Table 4. Linear Regression Analysis: Inadequate Emotional Support
and Log Aortic Pulse Wave Velocity by Race

Blacks Whites
Variable Estimate SE  pvalue Estimate SE p value
Inadequate emotional .05 .03 .04 -.04 .03 13
support

Note: Models are adjusted for age, gender, education, prevalent cardiovas-
cular disease, hypertension, diabetes, fasting glucose, systolic blood pressure,
body mass index, smoking, low-density lipoprotein, high-density lipoprotein,
and physical activity. Model R? = .11 for blacks and Model R? = .12 for whites.
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This association was independent of behavioral and physio-
logical cardiovascular risk factors, such as CVD, hyperten-
sion, diabetes, systolic blood pressure, high-density
lipoprotein, low-density lipoprotein, BMI, smoking status,
and physical activity. The observed association was also inde-
pendent of social network characteristics and marital status.

We did not observe associations between any of the other
psychosocial risk factors and aPW'V for either racial/ethnic
group. It is unclear whether this is due to the actual absence
of an association between depressive symptoms, anxiety
symptoms, negative life events, and aPWV or if our values
on these variables were simply too low to observe associa-
tions. In one of the few studies to examine associations be-
tween psychosocial risk factors and aPWYV, Tiemeier
colleagues (19) also reported no association between de-
pressive symptoms and aPWV. The few studies examining
the association between anxiety symptoms and/or negative
life events and aPWV have reported mixed results (20,21).

Inadequate emotional support has been linked to CVD
morbidity and mortality in a number of prior studies (4,5)
and is believed to be particularly relevant for older adult
populations (33,34); however, it is unclear why it was only
associated with aPWYV in older blacks. Older blacks in our
cohort were significantly more likely to report inadequate
levels of emotional support compared with older whites, and
in fact, this was the only psychosocial variable on which
there were significant black—white differences. Because
blacks, on average, die at younger ages than whites, this may
be due to differences in mortality rates among close others,
that is, the high-functioning older blacks in our cohort may
have lost more close friends to premature death compared
with high-functioning older whites. Indeed, similar to find-
ings from other cohorts (35,36), exploratory analyses in our
sample revealed that older blacks had slightly lower levels
of social contact with friends and slightly higher levels of
social contact with family compared with older whites (data
not shown); however, controlling for these factors did not
alter black—white differences in the association between in-
adequate emotional support and aPWV. Exploratory analy-
ses also revealed that older blacks were less likely to be
married and more likely to be widowed compared with older
whites (data not shown); again, however, including marital
status in the model did not alter our results.

Because older blacks have historically had much larger kin
and extended kin networks than older whites (37), it is possible
that the experience of having inadequate emotional support is
felt more profoundly by older blacks compared with older
whites, with older blacks expecting more emotional support
and being particularly distressed when it is not present. Thus,
one might expect the association between inadequate
emotional support and aPWV in older blacks to be mediated
by psychological distress. However, because neither anxiety
symptoms nor depressive symptoms were associated with
aPWYV in this sample, factors other than psychological distress
are likely accounting for the observed association.
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It is possible that there are different physiological path-
ways through which inadequate emotional support affects
aPWYV for older blacks compared with whites, but there has
been limited research in this area. Inadequate emotional
support has been linked to hypothalamic—pituitary—adrenal
axis dysregulation (38) and cardiovascular reactivity (39).
Of these, cardiovascular reactivity may be particularly rel-
evant for aPWV (40), given the relatively strong associa-
tions between measures of blood pressure (41), heart rate
variability (10), and aPWV. To our knowledge, however,
only one study has examined the associations among race,
emotional support, and cardiovascular reactivity. In a sam-
ple of young black and white adults, Grewen colleagues
(42) found that in the presence of an affectionate relation-
ship (“warm partner contact”), blacks demonstrated much
less cardiovascular reactivity than whites, indicating that
emotional support may be particularly important for the
cardiovascular health of black compared with white adults.
Because this study focused on young adults, it is difficult
to determine whether these findings would extend to an
older population; however, they provide some support for
the notion that the observed black—white differences in the
association between inadequate emotional support and
aPWYV in our cohort could potentially be mediated through
cardiovascular reactivity. Additional research in this area is
warranted.

This study has limitations that should be noted. First, our
sample was comprised of high-functioning black and white
adults aged 7079 years. Their high-functioning status may
partially explain why we observed such low levels of de-
pressive symptoms and anxiety. Consequently, this group
may not be representative of older adults in general (and
older blacks more specifically), which could limit the gen-
eralizability of these results. Second, we used a one-item
measure of emotional support, which may not have captured
all relevant aspects of this construct. Finally, our data were
cross-sectional. Longitudinal studies are needed to deter-
mine the temporality of the observed associations and
whether they persist over time.

Despite these limitations, our study has several strengths.
To our knowledge, this study is the first to examine the as-
sociations between multiple indicators of psychosocial risk
and aPWV. The study was conducted in a community-
dwelling cohort, with large numbers of older black and
white adults. We also used state-of-the-art assessment of ar-
terial stiffening and controlled for a wide range of possible
confounds.

In conclusion, we report for the first time an association
between inadequate emotional support and aPWV in older
blacks but not whites. The mechanisms underlying this as-
sociation have yet to be determined; however, findings sug-
gest that inadequate emotional support may be an important
contributor to cardiovascular health in older black adults.
Interventions aimed at improving emotional support may
ultimately prove beneficial for older black adults.
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